The transitional epithelium of the ureter and bladder and of part of the urethra gives rise to tumours when influenced by aromatic amines, such as naphthylamine and benzidine. This fact is well established by surveys of workmen in the dye and rubber industries where some workmen developed these tumours (Case 1953 , Case & Pearson 1954 and corroborated by successful experiments in which the amines were administered in the food of animals (Bonser 1943) .
Such an established connexion between aromatic amines and tumours provides a starting point for investigations into the biochemical aspects of bladder tumours. The investigations assume the possibility of a chemical cause for bladder tumours in patients who have not worked with dangerous amines. One may investigate the urine for aromatic amines similar in chemical structure to the dangerous amines. A characteristic of the dangerous amines, naphthylamine for example, is that they are converted by the body to oxidized derivatives, the oxygen being incorporated as part of a hydroxyl radical to form an hydroxyamine. The molecular position of this hydroxyl radical is important ( Fig  1) ; it must adjoin the amine group in the 'ortho' position. The orthohydroxyamine of naphthylamine causes tumours when introduced as a pellet directly into the bladder of a mouse. By this test the para and meta hydroxyamines are comparatively insignificant as carcinogens. Also relevant is the aromatic nature of naphthylamine, benzidine, and the other dangerous amines of industry. The familiar benzene rings in a molecule may be taken to indicate aromaticity, although a chemist would demur at such a broad rendering of this chemical identity. Ekman & Strdmbeck (1947) showed a raised level of aromatic amines in the urine of some patients with non-industrial bladder tumours. (1950) suggested that amines from the food amino acid tryptophan might be carcinogenic after undergoing the changes of human metabolism (Fig 2) .
Much work has been done on the tryptophan hypothesis. Price at Madison, Wisconsin, has published numerous papers on the aromatic orthohydroxyamine called 3-hydroxykynurenine (30K) (Price et a!., 1960, review this work). It is produced by the body from tryptophan. Boyland (1962) , has studied intensively a related amine, 3-hydroxyanthranilic acid (3HA). The main findings by investigators in this field have been:
(1) Either 3HA or 30K causes tumours when implanted as pellets into the bladders of mice.
(2) Both 3HA and 30K may be excreted via the urine in greater quantities by bladder-tumour patients than by healthy subjects.
(3) Not all, in fact no more than half, the tumour patients excrete 30K at levels above normal.
(4) 3HA is very difficult to measure satisfactorily, for technical reasons.
(5) Working at Leeds, Pyrah, Bonser and Clayson have come to the conclusion (Clayson 1962 ) that two benzene rings are needed in a molecule of an orthohydroxyamine if it is to be carcinogenic; while 3HA and 30K each have but one ring.
(6) Pathological reports from London and Leeds on a given mouse bladder may disagree in assessment of tumour formation.
Thus there exist: (a) Controversy as to experimental results, (b) technical difficulties, and (c) apparent metabolic disturbances present in only half the cases.
It seems reasonable to accept the controversy without dismay as being inevitable. Efforts are being made to improve technique. The importance of an effect observed in half the patients is not to be put aside as insignificant.
As regards technique, two encouraging points have emerged from our own work. If tumour patients and healthy subjects eat and drink precisely the same diet we find 3HA appears in the twenty-four-hour specimens of urine equally in both groups. If anything, there is a slightly higher output by the healthy group. We do not think anyone else has been so strict about the diet. The importance of the diet was not overlooked but very probably it was not appreciated sufficiently.
The slightly higher output of 3HA by the healthy group may be connected with the metabolic rate. The healthy subjects were active, and the patients weresedentary. Other possible explanations are under investigation, such as the vitamin content of the diet (Price 1961) . In our diet this was high and probably tended to shift the 3HA output of the patients towards that of the healthy subjects.
A chance finding in the laboratory has suggested very recently what may be part of the explanation. The technical details are necessary here: By forming on glass a layer of dry paste the thickness of a sheet of writing paper, a medium is obtained for the separation of chemical compounds with suitable solvents. The name of thin-layer chromatography is given to the method and the paste is made from water and silica gel, a fine white powder, which sets firmly after being heated to drive off the water.
We have noticed that, under appropriate conditions, and at a pH close to 7, these chromatograms show ether or resin extracts from urine to contain at least four substances giving a blue or green colour with Gibb's reagent (dichloroquinonechlorimide in ethyl alcohol). This blue-green colour has been used without chromatograms for measurement of the -3HA. We have thus found (cf. Tompsett 1959) that accepted methods of isolation do not exclude at least two or three other compounds (Fig 3) . Only one of the blue-green bands on the chromatogram is 3HA. This band of Right, a similar extract of urine with some of the bands outlined in ink and labelled: A, blue-green; B, blue; C, blue-green. Band C is 3-hydroxyanthranilic acid and corresponds in position and colour (in the original) with the spot S which was formed by application ofpure 3hydroxyanthranilic acid as a marker paste may be removed by light scraping then shaken with a buffer solution, and the colour fully developed. The colour is then measured accurately in a spectrophotometer at 650 m,.
Thus this type of chromatogram shows there must have been sources of error in some of the past methods and suggests immediately an answer to the problem of better estimation of 3HA. With this method, hit on by luck, we are trying to reassess the comparison between patients and healthy subjects and to determine whether a real difference in 3HA output can be shown. Several aspects of the orthohydroxyamines are notable. The urine contains enzymes such as glucuronidase and arylsulphatase that* may set free orthohydroxyamines from a conjugated state in which they have been bound to glucuronide and sulphate. Probably the free amines are in a biologically active form and the conjugates in an inert form. Bladder implantation and other experiments might suggest this (Bonser et al. 1956 ). Now, Boyland et al. (1955) have obtained, admittedly under difficult experimental conditions, much evidence of increased enzyme activity in the urine of patients with bladder tumours, as shown in Table 1 . Lately, the experimental difficulties have been reduced and results are awaited of studies by such improved methods. An interesting fact has already emerged. Abdel-Tawab (1963, personal communication) , working with Price, has shown that the more a patient drinks the more active is his urine in setting free amines from the conjugated compounds, because of a greater enzyme activity. A clinical evaluation of the importance of the fluid intake will require a long time as there are numerous factors involved. We would now feel ready to be a little sceptical that advice to the patient with bladder tumours to drink copiously is good advice.
The enzyme studies open other questions. The presence of blood or micro-organisms in the urine may increase the enzyme activity, and might have a significant influence, for example, on the recurrence rate of multiple tumours.
Work on endogenous orthohydroxyamines has reached a most interesting stage and, if there is truth in the idea that tryptophan derivatives can cause tumours, the next few years may well bring useful results. Other diseases may increase the tryptophan derivatives in the urine, for example rheumatoid arthritis, and must be noted if present in a tumour patient.
While 30K and 3HA have been the most prominent amines in reports, other tryptophan derivatives also are receiving attention. So are certainrelativelyunstableintermediate derivatives. Just lately Miller et al. (1961) , also at Madison, showed the high carcinogenicity of the Nhydroxyamine structure, drawn in Fig 4. Our own attempts to isolate an N-OH amine in the free state suggest that there is little if any in normal urine. We do not exclude the possibility of the presence of a conjugated form susceptible to enzymatic conversion to the free amine, and this possibility is also being investigated, so far without success. McDonald & Lund (1954) and Scott & Boyd (1953) demonstrated, by operating on dogs, that bladder or ureter epithelium bathed in urine developed tumours when naphthylamine was given to the dogs, while the same epithelium supplied by the same blood but not bathed by urine did not develop tumours. Thus the urine is the principal vehicle in which the amine reaches the epithelium. Such amines are concentrated in the urine and 200 times as much is found in a given volume of urine as is found in the equivalent volume of blood.
Why should the amines alter the epithelium and engender malignancy? With this question the discussion enters the general field of study in which knowledge is sought of the changes in normal cells that result from chemical or physical irritants. The accessibility of the bladder epithelium compared with many of the other tissues would favour experimental technique and advantage seems, as yet, not to have been taken of the convenient situation of the bladder epithelium.
It may well be that fundamental research on the properties of bladder epithelium both in vivo and in tissue culture will outstrip the clinical laboratory investigations we have discussed here. Bladder tumour tissue can be successfully grown in culture. None the less, it seems reasonable to expect that in the next half decade much clarification will be obtained from the clinical laboratory investigations.
